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Abstract 
The Yellow River Delta Wetland (YRDW) is one of the youngest wetlands, and also the most complete, extensive wetlands in 
warm temperate areas in China. However, since zero flow of the Yellow River from 1972, the degeneration area is over 3 × 104 
hm2. To assess the risk caused by water shortage, a new risk assessment index system is imperative. Hence, a two-year 
experiment on soil and plants is performed to acquire the data for the assessment. We have set up 13 sample fields along both 
side of the Yellow River, which are all 30m × 30m and spaced evenly. And about 10 soil samples and 10 plant samples are 
collected from each of the sample field in three seasons including spring, summer and autumn. According to the results of the 
experiments, we have discovered the rules that the soil moisture affects the community of wetland and three representative 
species including Phragmites australis, Suaeda salsa., Tamarix chinensis. And the rules are the foundation of the novel ecological 
risk assessment index system which encompasses three scales including community, single plant and microscopic, and five 
indices including biodiversity, biomass and absorptivity of elements nitrogen, phosphorus and potassium. Based on the risk 
assessment index system and GIS, we present a two-level ERA result YRDW in different seasons of each index. 
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1. Introduction  
Wetlands are of ecological importance due to their hydrologic attributes and their role as eco-tones between 
terrestrial and aquatic ecosystems [1]. The attributes of wetlands include high productivity; sources, sinks and 
transformers of numerous chemical, biological and genetic materials; and valuable habitats for fisheries, wildlife and 
birds [2,3]. They function as downstream recipients of water and waste from both natural and human sources, and 
have been often transformed to dry lands for agriculture and human settlements, among others [4,5]. Also, river 
control schemes have often caused the loss of wetlands.  
Scientists worldwide have noted and described the alarming changes in these important habitats such as 
decreasing of biodiversity and shrinking of wetlands area. These led to the Convention on Wetlands known as 
RAMSAR Convention in 1971. Lots of scientific researches have been carried out.  
Among all the researches, ecological risk assessment (ERA) is widely used to study the damage caused by all 
kinds of hazards. It is a quantitative evaluation of the risks associated with a possible environmental hazard [6]. Its 
purpose is to generate scientific information for planning so that pollution and other ecological damages can be 
reduced to a minimum[6,7]. ERA provides the scientific foundation for risk management in natural protection and 
bio-diversity conservation, whose importance has increasingly been recognized by both academic researchers and 
environmental managers. 
Ecological risks have two important characteristics: damage and uncertainty. First, they have the potential to 
cause long-term, and even irreversible, damage to the environment. In turn, this damage can affect the quality of life, 
not only for people but also for other living species. Second, they are stochastic and possibly cumulative or 
synergistic, and often difficult to forecast [9].   
The initial objective of ERA was to estimate the possibility that some pollutants would impact the ecosystem or 
at least some of its elements [10]. Until now, ERA has mostly been limited to the study of aquatic environments, and 
research on risk receptors has mainly focused on the biology of species and population [11] at the microcosm scale. 
Water stress, one of the main natural factors for the wetlands, has not reported much. But water resource is one of 
the most significant essentials for soil, plant and animal in the wetlands, especially the wetlands are insufficient of 
water, for instance, the wetlands of Yellow River Delta (YRD), China. Since the early 1970s, the Yellow River flow 
has been decreasing, and the frequency of complete drying or ephemeral flow has been increasing [12]. Meanwhile, 
the area of native reed wetlands in the YRD significantly decreased, fragmented and degraded [13], which greatly 
threatened rare and endangered species in the area.  
There are mainly three kinds of receptors in the studied of ERA, plants, animals [14] and environment. Numerous 
studies have regarded their receptor as wetlands’ plants, which are the producer and the food source of the wetland 
ecosystem. So study on the ecological risk on the plants caused by water stress is of great importance. 
And we employed a novel ecological risk assessment index system to accomplish the ERA, which encompasses 
three scales including community, single plant and microscopic, and five indices including biodiversity, biomass 
and absorptivity of elements nitrogen, phosphorus and potassium. 
2. Materials and methods 
2.1. Study area 
The YRD is the fastest growing delta in the world and one of the most representative river wetland ecosystems in 
the world. 
The YRD is located in the northeast of Shandong Province, on the south side of the Bohai Sea, spanning from 
118º33’ E -119º20’ E, and from 37º35’ N -38º12’ N. The region is characterized with a temperate, semi-humid 
continental monsoon climate. The average annual temperature is 11.7ć̢12.6ć. The average annual precipitation 
is 530̢630mm, of which 70% is rainfall during summer (May̢July). Meanwhile, the average annual evaporation 
is 1900̢2400mm. Our study area is situated in northeast YRD Nature Reserve which was established by Chinese 
government in 1992 to protect the young wetland ecosystem (Fig. 1). The study area is about 1045 Km2.
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Fig. 1.  Location of study area and sampling fields in the YRD. 
The species composition of the vegetation is very simple. The five dominant species in the YRD are reed 
(Phragmites australis (Cav.) Trin. ex Steud), congongrass (Imperata cylindrical var. major), suaeda salsa (Suaeda 
heteroptera), saltcedar (Tamarix chinensis Lout.), and willow (Salix matsudana Koidz.). In this research, we choose 
reed, suaeda salsa and saltcedar as our study species.  
2.2. ERA index system 
Integrated ERA was based on the results of the ERA of single-index. The ecological risks caused by water stress 
were decided by indices for community, single plant and micro scale. Hence related indices that embody the 
assessment objectives were selected as shown in Table 1 
Table 1. Index system for ERA in the YRDW 
Scale Index Calculation and conception 
Community Biodiversity 
Vi=Mi/Mˈ
WhereVi is the biodiversity of sample field i, Mi is the 
number of species in sample field iˈM is the total 
number of species in the study area 
Single plant Biomass 
C=Ci/Si
Where Ci is the dry biomassˈSi is the size of the 
sample site 
Microscopic 
Absorption rate of N Pi=Cij/Ci0
Where Pi is the absorption rate for element iˈCij is 
the content of element i in plant jˈCi0 is the content 
of element i in the soil 
Absorption rate of P 
Absorption rate of K 
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x Community 
We choose biodiversity as our index on the community scale, and study its ecological risk caused by the 
insufficient water resources. It represents the existence of a wide variety of species in the wetlands during a specific 
period of time. 
x Single plant  
Biomass is the mass of living biological organisms in a given area or ecosystem at a given time. It directly shows 
the ecological risk caused by insufficient water resources on the single plant scale. 
x Microscopic 
On the microscopic, we choose absorption rate of elements as the index which can represent the utilization 
efficiency of each kind of plant with each kind of element. And these elements are important for the growth and 
development of the plants. 
All the data were processed with Microsoft Excel 2003, SPSS 18. 
3. Materials and methods Results and discussion 
3.1. Soil moisture of different depths 
The soil moisture 30cm below the ground ranges form 37% to 41% during the whole growth period (Fig. 2). The 
peeks have been observed at about late April, late July and late August, while the troughs have been observed at 
about middle June and middle August. And the other two curves represent soil moisture 50cm and 100cm below the 
ground have the similar pattern with the lower one. They almost have the same peeks and trough at the same time, 
moreover, the curve representing soil moisture in 100cm deep is just like the 30cm one. We can directly see their 
correlations in Fig. 3 and Fig. 4. The square r are all larger than 0.75. 
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Fig. 2. Soil moisture in 30cm, 50cm and 100cm deep from April to October, 2008. 
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Fig. 3. Correlation between soil moisture in 30cm and 50cm deep with r2 = 0.7504. 
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Fig. 4. Correlation between soil moisture in 30cm and 100cm deep with r2 = 0.7602. 
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3.2. Soil moisture for three kinds of plants 
We find out the ranges of suitable soil moisture for three kinds of plants are not the same. Reed needs more water 
than saltcedar and suaeda salsa during all the growth period. The coefficient of variation (CV) represents the variety 
of SM for each kind of species. And the CV for saltcedar is larger than for reed and suaeda salsa, which means 
saltcedar can grow under large range of SM.  
3.3. Relationship between water stress and biodiversity 
There are about 193 species higher plants in the wetlands of YRD. And we observe over 100 species during our 
investigation, but some of them only grow by the side of roads, some are quite rare. Only 18 species are found in our 
sampling fields including Cynanchum chinense, Artermisia carvifolia, Limonium officinalis, Suaeda 
glauca;Tamarix chinensis; Suaeda salsa; Glysine soja; Melilotus officinalis; Sonchus arvensis; Apocynum Venetum; 
Tripolium vulgare; Calamagrostis pseudophragmites; Eclipta prostrata; Triarrhena sacchariflora; Plragmites australis; 
Typha orientalis; Salix matsudana; Myriophyllum spicatum. So we take these species to calculate the biodiversity 
index. 
The biodiversity is max where the SM at about 35%. When SM is too small, the biodiversity becomes lower due 
to water shortage. And the biodiversity is also affected by the excessive water. Only some water-tolerant species can 
live under extreme conditions. 
3.4. ERA of YRDW 
Based on the field experiment and lab monitoring, we use the Monte Carlo method to simulate the indices of 
ERA. We consider the ecological risk of each species in different seasons. And a two-level ERA result has been 
presented (Table 2), which would be helpful for ecological management in the YRDW.  
Table 2. Ecological risk of YRDW. 
Confidence 
internal
Season Biodiversity 
Biomass (kg/m2) Absorption rate of N Absorption rate of P Absorption rate of K 
reed
suaeda
salsa
saltcedar reed 
suaeda
salsa
saltcedar reed
suaeda
salsa
saltcedar reed 
suaeda
salsa
saltcedar
99% 
Spring 0.36 0.05 0.03 0.02 85.36 98.56 43.25 0.89 0.78 0.81 0.25 0.21 0.47 
Summer 0.23 0.84 0.73 0.21 106.25 123.04 69.16 1.16 1.23 1.12 0.45 0.25 0.58 
Autumn 0.32 0.65 0.39 0.42 100.11 143.28 95.94 1.12 0.84 1.83 0.35 0.23 0.50 
95% 
Spring 0.25 0.03 0.02 0.01 58.75 68.31 32.14 0.68 0.55 0.54 0.20 0.14 0.33 
Summer 0.17 0.60 0.52 0.15 73.70 87.37 47.98 0.81 0.86 0.78 0.32 0.17 0.42 
Autumn 0.22 0.47 0.28 0.30 69.21 99.06 66.55 0.79 0.59 1.27 0.24 0.16 0.36 
90% 
Spring 0.19 0.02 0.01 0.01 41.25 54.69 26.12 0.57 0.38 0.32 0.16 0.11 0.24 
Summer 0.13 0.47 0.41 0.12 57.68 67.29 37.54 0.63 0.67 0.61 0.25 0.13 0.32 
Autumn 0.17 0.36 0.21 0.23 53.24 76.20 52.08 0.62 0.46 1.00 0.19 0.13 0.27 
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x Biodiversity  
Table 2 indicates spring is the riskiest season for biodiversity. And the risk becomes lower in summer. Moreover, 
the biodiversity risk under confidence internal 99% is almost twice larger than under confidence internal 90%. 
x Biomass  
The risk of biomass is quite different for three kinds of plants. The risk of Reed is lager than suaeda salsa and 
saltcedar in all three seasons, maybe because the biomass of reed is larger than the other two. The risk in summer is 
the largest for reed and suaeda salsa while risk in autumn is the largest for saltcedar. 
x Absorption rate  
Absorption rate of N is riskiest of all the indices while the risk of absorption rates for P and K are smaller.  
The risk of absorption rate of N for suaeda salsa is larger than reed and saltcedar. For reed, summer is the riskiest 
season for absorption rate of all three kinds of elements. The largest risk for suaeda salsa and saltcedar in absorption 
rate of N appears in autumn. But the pattern is different for absorption rate of P; in summer all three plants almost in 
the same level of risk while the risk of saltcedar quite larger than the other two species in autumn. Three kinds of 
plants get the similar pattern for the risk of absorption rate of K. The risk is low in spring, and becomes higher in 
summer, and get lower in autumn. 
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